Background: Severe acute respiratory syndrome (SARS) is a newly described form of atypical pneumonia linked to a novel coronavirus. Aims: To review the sputum cytology of 15 patients who fulfilled the World Health Organisation clinical criteria for SARS in an attempt to evaluate whether early diagnosis is feasible with routine sputum examination. Methods: All sputum samples from patients with SARS from the four major hospitals in Hong Kong were reviewed; abnormalities were sought in the cellular component, including abnormal numbers and morphology of the component cells compared with those from age matched controls taken over the same period one year ago. Results: Fifteen sputum samples from patients were compared with 25 control samples. In the patients with SARS, loose aggregates of macrophages were seen more frequently in the sputum. These macrophages frequently showed morphological changes, such as cytoplasmic foaminess, vacuole formation, and nuclear changes (including multinucleation and a ground glass appearance) when compared with the control samples. Conclusions: The cytological features of SARS are non-specific, but the observation of any of the described features should prompt further investigations, especially in patients with suspicious clinical features.
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The cytological features of SARS are non-specific, but the observation of any of the described features should prompt further investigations, especially in patients with suspicious clinical features.
S
evere acute respiratory syndrome (SARS) is a recently described form of atypical pneumonia linked to a novel coronavirus (SARS-CoV ). [1] [2] [3] [4] The outbreak was most severe in Hong Kong and other parts of China, including Beijing and Guangzhou. During the outbreak in Hong Kong, more than 1500 patients were affected and about 200 patients died. Since July 2003, no new cases have been reported, and the World Health Organisation (WHO) has declared that SARS is now under control. Because the current understanding of SARS is still limited, it is uncertain whether resurgence of SARS will occur during the winter months. We reviewed the sputum cytology of patients diagnosed with SARS to evaluate whether diagnosis is feasible with routine sputum examination.
MATERIALS AND METHODS
Patients with a diagnosis of SARS from March to May 2003 were identified from four major hospitals in Hong Kong. The diagnostic criteria for SARS were based on the WHO recommendation. 5 These clinical criteria include high fever (. 38˚C) and respiratory symptoms, together with either a history of close contact, living within epidemic areas, or travelling in those areas within 10 days of the symptoms beginning. Investigations including the isolation of SARSCoV from nasopharyngeal aspirates or serological changes of increased antibody titres against SARS-CoV have also been documented. All sputum samples submitted for cytological examination from these patients were retrieved and reviewed. In patients with multiple sputum samples taken during this period, only the most cellular sample was used. The control group comprised sputum samples from age matched patients, which were taken one year ago, where there was a diagnosis of no significant pathology. Two smears were made from each sample using a standard routine laboratory procedure; these were fixed in 95% ethanol overnight and stained with the Pap stain.
At the cytological review, the parameters assessed included the adequacy of the sample, overall cellularity, the presence of loose aggregates of more than 30 pulmonary macrophages, and any abnormal morphological changes in the macrophages. Loose aggregates of macrophages were assessed in a qualitative manner, as either present or absent. Atypical features of the macrophages included cytoplasmic foaminess, cytoplasmic vacuoles, multinucleation, and a nuclear ground glass appearance; these features were assessed semiquantitatively as the percentage of macrophages showing such changes, rounded to the nearest 5%.
RESULTS
In total, 28 sputum samples from 16 patients were available, with eight patients having one sample, six patients having two samples, and two patients having four samples. Of these, one slide from each patient was selected for our study. One sputum sample was of insufficient quantity, showing only scanty squamous cells without pulmonary macrophages, and was excluded from the final analysis.
The age range of these 15 patients was 37 to 71 years (mean, 55). There were seven male and eight female patients. In nine patients, the samples were obtained within the first 10 days since the onset of symptoms, before the clinical diagnosis of SARS was made; in three patients, the samples were obtained after the diagnosis; in one patient, the sample was obtained on the day that the diagnosis was made; and in two patients, the time sequence was not known. Of these 15 patients, eight had serological confirmation, with a rising titre of antibodies against SARS-CoV, or positive viral isolation from the nasopharyngeal aspirate. In three patients, both serology and viral isolation were negative, and in the remaining four patients, only one test (either serology or viral isolation) had been done and the result was negative. Nonetheless, these last seven patients fulfilled the WHO criteria for SARS. Twenty five patients were used as controls, with one sample from each patient. The age range of the control patients was 22 to 87 years (mean, 56). There were 14 men and 11 women. In 16 of these 25 control patients, the underlying reason for sputum cytology examination was related to the lungs. Six patients had a lung shadow on x ray; three patients had bronchiectasis; two patients each had haemoptysis, suspected tuberculosis, or asthma; and one patient had empyema. For the remaining patients, the presenting complaint was related to the cardiovascular system in seven patients (aneurysm, acute myocardial infarct, heart failure, and rheumatic heart disease), diabetes in one patient, and not documented in one patient.
Loose aggregates of macrophages were seen in eight of the 15 samples from patients with SARS and in three of the 25 samples from the controls (fig 1) . Atypical features were seen more frequently in macrophages in the sputum from patients with SARS than in controls. Twelve of 15 sputum samples from patients with SARS and 13 from the 25 controls showed some cytoplasmic foaminess (fig 2A) . In the sputum of patients with SARS, approximately 30-70% of the macrophages (mean, 50%) showed cytoplasmic foaminess, whereas only 5-30% (mean, 13.6%) of the macrophages showed this feature in the controls.
Well defined cytoplasmic vacuoles could be seen in some macrophages ( fig 2B) . Eleven of 15 sputum samples from patients with SARS and eight of 25 samples from controls showed these changes. Again, in the sputum of patients with SARS, 5-40% of the macrophages (mean, 16%) showed cytoplasmic vacuolation, whereas only 5-10% (mean, 5.5%) of macrophages showed this feature in the control group. In several representative cases, the slides were de-stained and re-stained with Oil Red O for lipid and periodic acid Schiff with diastase for mucin. The vacuoles were negative for both stains.
Multinucleation was found in the macrophages of 12 of 15 sputum samples from patients with SARS and six of 25 (24%) controls ( fig 2C) . However, only a small proportion of the macrophages showed these changes, with a range of 5% to 15% (mean, 10%) for patients with SARS and a range of 5% to 10% (mean, 6.4%) for controls.
Nuclear ground glass changes were observed in the macrophages of six of the 15 sputum samples from patients with SARS and one of the 25 controls ( fig 2D) . These changes can be difficult to detect. Even in the sputum of patients with SARS, only 5-15% (mean, 7.5%) of macrophages showed these changes, and in the single positive control case only 5% of macrophages showed such changes.
DISCUSSION
The current diagnosis of SARS is based on a set of clinical criteria, 5 including fever, rapid onset of diffuse lung shadowing, plus a contact history. Laboratory confirmation has not been included in the WHO criteria for the diagnosis, as in our study. The reason for retaining just the clinical and epidemiological criteria for the case definitions is that at present there is no validated, widely and consistently available test for infection with SARS-CoV. 5 Antibody tests may not become positive for three or more weeks after the onset of symptoms. Whether an antibody response is mounted in every patient is still under investigation. Molecular assays, such as reverse transcription polymerase chain reaction, must be performed using appropriate reagents and controls under strictly controlled conditions, and may not be positive in the early stages of illness using currently available reagents. Moreover, experience in other outbreak areas, such as Toronto, 6 casts doubt as to the universality of laboratory evidence of SARS-CoV in the definition of this new human disease. In our series, the cytological featuressuch as cytoplasmic foaminess, vacuolation, and multinucleation of macrophages-were still valid even when we limited our analysis to the virally/serologically confirmed cases.
There is a second level of complication in case definition. The recent experience in Hong Kong showed that many patients with SARS can be afebrile or asymptomatic, and a contact history may not be easily elicited in some patients. 7 SARS-CoV diagnosis is based on viral detection, isolation, or serological changes. Besides being expensive and available only in specialised hospitals, the time delay in all these methods poses a great problem in the clinical management of the patients, particularly infection containment and control. Thus, there is a role for methods that are inexpensive, quick, and easy to perform, particularly in densely populated developing countries and areas. Sputum examination is particularly suited for this purpose. In addition, sputum cytology is routinely performed for nearly all patients with chest symptoms, and an awareness of the cytological features suggestive of SARS is of the utmost importance for case recognition.
We were only able to recruit 15 cases for our study, even though four major hospitals were encompassed. These four warranted when such features are seen in sputum samples hospitals, with more than 480 patients with SARS, were heavily involved in the local outbreaks. The lack of available sputum samples is related to the fact that once the diagnosis was suspected, sputum samples were not collected to minimise infection risk.
''Sputum cytology is routinely performed for nearly all patients with chest symptoms, and an awareness of the cytological features suggestive of severe acute respiratory syndrome is of the utmost importance for case recognition'' Despite the plethora of publications on this subject, the pathological changes of SARS in the lungs have been rarely described. 4 8-10 In those cases uncomplicated by superimposed secondary infections, the pulmonary changes were described as predominantly those of diffuse alveolar damage, with hyaline membrane formation. There could be granulation tissue plug formation, similar to bronchiolitis obliterans organising pneumonia. Atypical pneumocytes were detected within the alveolar spaces, with enlarged nuclei and sometimes multinucleated forms, together with basophilic cytoplasm. 4 8-12 Viral particles were demonstrated within these cells by electron microscopy. 12 Increased numbers of alveolar macrophages were also described as a special feature of SARS. 8 The cytological findings in the sputum were a logical extension of the pulmonary pathology. With the increased accumulation of macrophages within the alveolar spaces, aggregates of pulmonary macrophages were seen in a high proportion of sputum samples from patients with SARS. Many macrophages demonstrated foaminess in the cytoplasm, in addition to cytoplasmic vacuoles. The underlying pathogenic mechanism for this remains elusive. However, because macrophages with similar changes were also seen in the control samples (although there were fewer of them), this phenomenon is probably non-specific, and may reflect a general change in or activation of the macrophages. One of the possibilities is that cytoplasmic foaminess and/or vacuole formation may reflect changes in metabolic activation or early degeneration of the macrophages. The presence of multinucleated macrophages may be related to macrophage activation. The individual nuclei that are present within the multinucleated cells are similar to those seen in activated macrophages. The distinctive changes associated with direct viral effects (cytopathic effects)-including nuclear enlargement, basophilic nuclear staining, or formation of nuclear inclusions-were not seen. The presence of ground glass changes was unusual, and the exact nature of these changes remains to be determined.
Although the effects of SARS-CoV on macrophages are not known, other strains of human coronavirus, including 229E, and mouse coronavirus, MHV-3, have been reported to cause apoptosis in infected macrophages. Some infected macrophages do show multinucleation. 13 14 There appears to be some similarity between these effects and those observed in SARS.
Because our study was limited by the fact that we were unable to obtain sputum samples from patients with other forms of pneumonia or acute lung injury as controls, it is possible that the cytological features of these diseases overlap with those of SARS. In the literature, there have been few descriptions of the sputum cytology of acute lung injury, and this, together with the good correlation between the observed SARS cytological features and the pulmonary findings at necropsy, renders these observations useful for raising a suspicion of SARS and triggering further investigations.
In summary, we have analysed the characteristic cytological features of sputum samples from a cohort of patients with SARS. There were increased numbers of macrophages in the sputum, with the occasional formation of macrophage aggregates. The macrophages showed morphological changes, including cytoplasmic foaminess, vacuole formation, and nuclear changes. The nuclear changes included a ground glass appearance or multinucleation. The exact pathogenetic mechanism remains elusive. However, these changes appear to be non-specific, and may represent either increased activation or degeneration. These changes do not fit into any known patterns of direct viral cytopathic effects. Because these changes are non-specific, further investigations-including serological tests-are warranted when such features are observed in sputum samples.
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